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A driver's nighttime visibility of the roadway is severely impaired during rainy weather. Painted 
(beaded) lane lines and edge lines marvelously improve perception of the roadway and driver control 
during dry weather; unfortunately, they are least effective .. that is, least reflective .. during rainy weather. 
Beaded stripes when new are usually more reflective in rain than worn stripes. Research has shown that 
larger beads spaced farther apart are more effective in rain than the sizes of beads presently being used. 
Larger beads are more expensive and are more difficult to anchor in the paint. 
Heretofore, raised markers have been dismissed from use in snow areas because snowplows strip 
them off the pavement. Others have somewhat overcome the problem by using rubber-tipped blades 
on snowplows. Some damage or losses due to traffic should be expected. 
The report submitted herewith describes a series of trial installations at lane drops and the attendant 
reduction in traffic conflicts. Surprisingly, the greater reductions were observed during dry weather .. 
both day and night. There were reductions in conflicts under rainy nightitme conditions, but they were 
not as statistically significant as the reductions observed at other times. We intuitively expected to find 
the greater reduction at night, during adverse weather. Perhaps the brilliance of the markers caused some 
driver confusion. 
We were unable to evaluate the novelty effect of the markers; it would have been necessary to 
compare local with foreign driver responses in order to do that. Nevertheless, we believe the reductions 
in conflicts and erratic movements at critical sites will continue beyond any familiarization period. 
Any "rumble" effect desired could be provided in other ways. Adequate marking for daytime and 
dry nighttime can be provided with reflectorized paints and tapes. Consequently, the principal warrant 
for raised reflective markers remains inextricably associated with rainy nighttime conditions. We 
recommend use of raised reflective markers at critical sites such as lane drops and gore areas -- and 
at some locations where exceptional lane demarcation is desired. Experience and performance records 
will provide a good basis for updating use-warrants and specifications. 
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INTRODUCTION 
A previous study conducted by the Division of 
Research investigated the influence of various traffic 
control measures on the operational characteristics of 
lane drops ( 1 ). Several standard and experimental traffic 
control devices were selected for application. No single 
type of traffic control device was found to be 
significantly effective in reducing conflicts at all the 
locations. The purpose of this research was to evaluate 
the effectiveness of raised pavement markers (not used 
in the previous study) as a traffic control measure at 
lane·drop sites. This report is one phase of a research 
study entitled "Evaluation and Application of Roadway 
Delineation Techniques." In another phase, an attempt 
is being made to determine the durability and 
reflectivity of several types of raised pavement markers 
over a long period of time. Several test sections have 
been installed and are being monitored by photometer 
measurements and visual inspections. 
LANE DROPS 
A lane drop is defined as a location where the 
number of lanes provided for through traffic decreases. 
The broad category of lane drops has been further 
subdivided into three more specific classes: lane exits, 
lane splits, and lane terminations (Figure I), A lane exit 
refers to a location where the number of through lanes 
decreases at an interchange on a multilane roadway. A 
lane split denotes a major bifurcation of a multilane 
highway where the level of traffic service provided at 
the terminus of either fork is approximately equal. A 
lane termination describes a location where a lane ends. 
RAISED PAVEMENT MARKERS 
Raised pavement markers are in use in some states 
as an integral part of the roadway delineation system. 
They are being used to supplement as well as to replace 
paint stripes. In addition, they are being placed on 
horizontal curves, merge and diverge areas, turning lanes, 
no·passing zones, and stop approaches (2). These 
markers have proved to be particularly effective for wet, 
nighttime and other poor visibility conditions. 
A major deterrent to the use of raised pavement 
markers in snow areas has been marker damage and 
destruction associated with the use of steel snowplow 
blades. A study conducted by the state of Washington 
demonstrated that the rubber·tipped snowplow blade 
was an effective tool for removing freshly fallen or 
slushy snows· and for protecting raised traffic markers 
(3). The Federal Highway Administration has requested 
states in areas where snowfall is conunon to review their 
snowplowing and de-icing procedures and to carefully 
consider the use of doicers and rubber snowplow blades 
so that raised pavement markers could be used (4). 
Several different types and brands of raised 
pavement markers have been developed and used by 
various states. The markers vary in cost, durability, and 
reflectivity. In this study, five different types of raised 
pavement markers were used. 
PROCEDURE 
LOCATIONS 
Studies were conducted at five lane-drop locations, 
each representing one of the three classes of lane drops. 
These locations are shown in APPENDIX A (Figure A-1 
through A·S). The five sites were: (1) a single-lane split 
at I 75 northbound · I 64 eastbound located east of 
Lexington, (2) a single-lane split at I 75 southbound 
- I 64 eastbound located east of Lexington, (3) a 
single-lane exit without taper on I 75 northbound at 
the 5th Street Exit in Covington, ( 4) a single-lane exit 
with taper at I 75 southbound - I 71 southbound in 
Boone County, and (5) a lane termination at US 27·68 
(Paris Pike) northbound just north of New Circle Road 
in Lexington. 
DATA COLLECTION 
Conflict surveys (consisting of erratic movement 
and brakelight application counts) and lane volume 
counts were conducted at each of the lane drop 
locations. Observations were made before and after 
installation of the raised pavement markers. Data were 
recorded for six daylight hours and three nighttime 
hours. Wet nighttime data were collected at one of the 
sites after installation. Erratic movements were grouped 
into seven categories: (1) cut across gore area, (2) 
crowded weave, (3) stopped, (4) slowed drastically, (5) 
swerve, (6) stopped and backed, and (7) multiple error. 
These are defined further in APPENDIX B. The same 
observer made all conflict surveys in order to eliminate 
the bias which may result from varying judgements as 
to what constitutes a conflict. The only exception was 
the wet nighttime data. 
INSTALLATIONS 
A different type of raised pavement marker was 
used at each of the five lane drops. The five types of 
markers are shown in Figure 2. The type of marker and 
the lane drop at which it was used are as follows: 
I. Ray-O·Lite (Regular) ·- I 75 northbound - I 
64 eastbound, east of Lexington 
2. Ray-O·Lite (Replaceable Lens) ·· I 75 
southbound - I 64 eastbound, east of 
Lexington. 
3. Stirnsonite ··l 75 northbound- 5th Street exit 
in Covington. 
4. Permark ··I 75 southbound ·171 southbound 
in Boone Co. 
5. Safety Guide -- US 27-68 (Paris Pike) 
northbound, just north of New Circle Road 
in Lexington. 
The markers were applied using two par( epoxy. 
Surfaces were prepared prior to application of the epoxy 
by scrubbing with a wire brush. Traffic was maintained 
during application, but traffic cones were used to 
prevent vehicles from touching the markers until the 
epoxy had hardened. 
APPENDIX C contains schematics which provide 
details of the marker arrangement at the study locations. 
Markers outlined the gore area as well as the edgelines. 
The markers started approximately 1 100 feet (335 
meters) in advance of the gore and continued 
approximately 150 feet (45 meters) past the base of 
the striped gore area. At the Paris Pike location, markers 
were placed on the right edgeline as well as the left 
side of the section where the two lanes merged into 
one. 
DATA ANALYSIS 
Erratic movement and brakelight rates were 
calculated. Rates before and after installation of the 
markers were calculated for both daytime and nighttime 
conditions and for the total study period. Rates were 
obtained by dividing the number of erratic movements 
or brakelight applications by the applicable traffic 
volumes and expressing this quotient as a percentage. 
Statistical tests were then used to determine whether 
a significant difference existed between the before and 
after conflict and brakelight rates (5). 
RESULTS 
Erratic movement rates, brakelight rates and 
average hourly volumes for all five lane-drop locations 
are given in Tables 1 through 3. Data before and after 
installation of the raised markers are summarized by 
total study period, daytime conditions, and nighttime 
conditions, respectively. 
Results of the statistical analysis of the difference 
between the before and after conflict and brakelight 
rates are presented in Tables 4 through 7. The words 
"increase" and "decrease" in these tables mean that the 
particular erratic movement or brakelight rate difference 
was found to be statistically significant at the 95 percent 
confidence level. APPENDIX D contains a summary of 
the statistical techniques utilized in the analysis. 
As can be seen, a statistically significant decrease 
in the total erratic movement rate occurred in nearly 
all cases. Exceptions were I 75 NB at the 5th street 
exit. under daytime conditions and Paris Pike under 
nighttime conditions. There was not a significant 
increase in any type of erratic movement at any of the 
locations. From Table 7 ~ it can be seen there was a 
significant decrease in the total erratic movement rate 
for daytime, nighttime) and combined conditions. It 
should be noted that, while the erratic movement rate 
decreased for all conditions, the nighttime rate showed 
the greatest decrease. There was a total reduction in the 
overall erratic movement rate of 27 percent (from 2.07 
to 1.52). This resulted from a 20 percent reduction 
(from 2.15 to 1.71) for daytime conditions and a 44 
percent reduction (from 1.78 to 0.99) for nighttime 
conditions. This indicated the raised pavement markers 
were particularly effective in reducing erratic movemertt 
rate for nighttime conditions. 
A study of brakelight rates produced different 
results. Some locations showed a significant increase 
while others showed a significant decrease. From Table 
7, it can be seen that no significant change occurred 
in the total brakelight rate. 
At the I 75 northbound · I 64 eastbound site, wet, 
nighttime data were collected. A comparison of the 
nighttime data for dry-before, dry-after, and wet-after 
conditions is presented in Table 8. Results indicate that 
the wet-after, nighttime erratic movement rate decreased 
by 29 percent from the dry-before, nighttime rate and 
increased by 25 percent from the dry-after, nighttime 
rate. Neither the reduction nor the increase in erratic 
movement rates was significant at the 95 percent 
confidence level. The increase in erratic movements was 
somewhat expected due to the larger number of 
conflicts which occur during wetl nighttime conditions 
-- that is, when visibility is generally and otherwise 
impaired. Cost of the raised pavement markers and their 
installation was relatively inexpensive compared to their 
potential benefits. Following is a summary of materials 
and installation costs: 
NUMBER UNIT TOTAL 
TYPE OF MARKER USED 
Ray-0-Lite (regular) 61 
Ray-0-Lite (replaceable lens) 57 
Stimsonite 79 
Permark 63 
Safety Guide 41 
INSTALLATION 
Epoxy · 3 gallons · $42.00 
Labor . $420.00 
Total Cost = $734.00 
PRICE COST 
1.28 78.08 
1.00 57.00 
1.045 82.56 
0.45 28.35 
0.60 24.60 
2 
The average cost was approximately $150 per location. 
Reflectivity tests at the 0.5 degree divergence angle 
on the five soft-white markers revealed the following: 
TYPE 
Stimsonite 88 
Ray-0-Lite (Regular) 
Ray-0-Lite (Replaceable Lens) 
Permark 
Safety Guide 
SPECIFIC 
REFLECTIVITY* 
157 
146 
164 
30 
25 
*Candlepower per foot candle per unit reflector 
The comparative reflectivity measurements indicate that 
two distinct categories of markers were used. The 
Stimsonite and Ray-0-Lite markers had a specific 
reflectivity five or six times greater than Permark and 
Safety-Guide. There were no conclusive results which 
indicated that the lower reflectivity of the Permark and 
Safety-Guide markers affected their ability to reduce 
conflicts. Since the five types of markers were installed 
at different lane-drop locations, a valid comparison 
between marker types is not available. APPENDIX E 
contains photographs of three lane-drop locations at 
nighttime after markers were installed. The markers have 
not been installed for a sufficient period of time to 
justify a complete evaluation of their durability. With 
the exception of the Ray-0-Lite (replaceable lens), all 
markers appear to have sufficient durability. 
CONCLUSIONS 
The objective of this study was to determine the 
effectiveness of raised pavement markers as a traffic 
control measure at lane drops. The following are the 
major conclusions which were drawn from the analyses: 
I. Raised pavement markers are an effective 
means of reducing erratic movements at 
lane-drop locations. 
2. No significant change in brakelight rates 
resulted from the installation of raised 
pavement markers. 
3. While the raised pavement markers proved to 
be generally effective under both daytime and 
nighttime conditions, the reduction in erratic 
movements under nighttime conditions was 
the major benefit derived. 
4. The cost of the raised pavement markers and 
their installation was nominal, and their use 
at any laneDdrop location is recommended. 
5. Conclusions concerning the long-term 
durability of the raised pavement markers are 
not appropriate on the basis of only limited 
exposure to traffic. However, experience in 
other states suggests that some markers 
possess the desired characteristics to make 
them economically feasible. 
6. Studies have shown that rubber-tipped 
snowplow blades have been used successfully. 
The potential benefits of raised pavement 
markers at the types of locations investigated 
herein indicate that overall safety provided the 
driving public would be enhanced by 
utilization of raised pavement markers. It is 
recommended that use of steel snowplow 
blades be discontinued on a trial basis where 
raised markers have been installed. 
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Figure 1. Lane-Drop Types. 
Figure 2. Types of Raised Pavement Markers 
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BRAKEUGHf RATE 
TOTAL MEDIAN 
LANE 
MIDDLE 
LANE 
DECREASE N/A 
DECREASE DECREASE N( A 
DECREASE 
DECREASE DECREASE N/A 
SHOULDER 
LANE 
INCREASE 
INCREASE 
BRAKELIGHT RATE 
TOTAL 
DECREASE 
DECREASE 
DECREASE 
DECREASE 
MEDIAN 
LANE 
MIDDLE 
LANE 
N/A 
DECREASE N/ A 
DECREASE N/ A 
SHOULDER LA,'" 
INCREASE 
TOTAL 
DECREASE 
DECREASE 
INCREASE 
TOTAL 
DECREASE 
Daytime Conditions 
Nighttime Conditions 
Total Study Period 
TRAFFIC CONTROL 
AND 
ROAD SURFACE 
CONDITION 
Original (Dry) 
After Installation (Dry) 
After Installation (Wet) 
00 
CUT 
ACROSS 
GORE 
TABLE 1 
SIGNIFICANT ERRATIC MOVEMENT 
AND BRAKEUGHT RATE DIFFERENCES 
SUMMARY OF ALL LOCATIONS 
TYPE OF ERRATIC MOVEMENT RATE 
CROWDED 
WEAVE 
SWERVE SLOWED 
DRASTICALLY 
DECREASE DECREASE DECREASE 
STOPPED 
STOPPED 
AND 
BACKED 
MULTIPLE 
ERROR 
TOTAL 
DECREASE 
MEDIAN 
LANE 
DECREASE DECREASE DECREASE DECREASE 
CUT 
ACROSS 
GORE 
AREA 
3.08 
1.74 
2.15 
DECREASE DECREASE DECREASE DECREASE DECREASE 
CROWDED 
WEAVE SWERVE 
.II .23 
10 .10 
.00 .20 
TABLE 8 
ERRATIC MOVEMENT AND BRAKELIGHT RATES AND AVERAGE HOURLY VOLUMES 
I 15 NORTHBOUND - I 64 EASTBOUND 
NIGHmME CONDmONS 
ERRATIC MOVEMENT RATES 
STOPPED 
SLOWED STOPPED AND BRAKELIGHT R.HES 
DRAST- IN BACKED MULTIPLE 
!CALLY GORE UP ERROR TOTAL MEDiAN SHOULDER 
.II .00 .00 .91 4.44 4.52 35.44 
.29 .00 .00 .29 2.51 5.52 32.08 
.20 00 .00 .59 3.14 5.33 23.33 
BRAKELIGI-IT RATE 
MIDDLE 
LANE 
SBOULDER 
LANE 
DECREASE INCREASE 
DECREASE INCREASE 
TOTAL 
AVERAGE HOURLY VOLUME 
TOTAL MEDIAN SHOULDER TOTAL 
12.87 214 79 293 
13.03 247 98 345 
12.75 
'" 
115 119 
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APPENDIX A 
LANE-DROP WCATIONS 
10 
Figure A-1. I 75 NB - I 64 EB Lane Split. 
Figure A-2. I 7 5 SB - I 64 EB Lane Split. 
II 
Figure A·3. I 75 NB . 5th Street Single Lane Exit withont Taper. 
Figure A-4. I 75 SB · I 71 SB Single Lane Exit with Taper. 
12 
Figure A-5. US 27 - 68 (Paris Pike) NB Lane Termination, North of New Circle Road, 
Fayette County. 
13 
APPENDIX B 
ERRATIC MOVEMENT DEFINITIONS 
14 
ERRATIC MOVEMENT DEFINITIONS 
Cut Across Gore Area ~ Vehicle crosses over the 
paiJement markings used to delineate the gore area. 
Crowded Weave - Vehicle changes lanes directly in front 
of a following vehicle, causing the following vehicle 
to apply its brakes. This type of erratic movement 
always involves at least two vehicles. 
Stopped - Vehicle comes to a complete stop. 
Slowed Drastically - Vehicle undergoes a very rapid 
deceleration, causing dipping of the front end or 
tire squealing. 
Swerve - Vehicle abruptly veers from its straight ahead 
course. A swerve may or may not consist of a 
change of lanes for the erratic vehicle. This type 
of erratic movement always involves only one 
vehicle. 
Stopped and Backed - Vehicle comes to a complete stop 
and then backs up. 
Multiple Error ~ Occurs when a vehicle commits a 
combination of two or more of the above errors. 
15 
APPENDIX C 
ARRANGEMENT OF RAISED PAVEMENT MARKERS 
AT LANE-DROP WCATIONS 
16 
T 
T 
25' SPACING 
+ 
wf" 
100' SPACING 
u 
200' SPACING 
1 
TRAFFIC FLOW 
Figure C-1.. Arrangement of Raised Pavement Markers at I 75 NB - I 64 EB Lane Split 
East of Lexington ( 61 Markers Installed). 
17 
TRAFFIC FLOW 
Figure C-2. Arrangement of Raised Pavement Markers at I 75 SB · I 64 EB Lane Split 
East of Lexington (57 Markers Installed). 
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Figure C-4. Arrangement of Raised Pavement Markers at I 75 SB - I 71 SB Single Lane 
Exit with Taper (63 Markel'S Installed). 
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• TRAFFIC FLOW 
• TRAFFIC FLOW 40' SPACING 
Figure C-5. 
SPACING 
Arrangement of Raised Pavement Markers at US 27 · 68 (Paris Pike) Nil 
Lane Termination, North of New Circle Road in Lexington (41 Markers 
Installed). 21 
APPENDIX D 
STATISTICAL TESTS 
22 
TABLED! 
OBSERVED FREQUENCIES FROM TWO SAMPLES 
IN TWO MUTUALLY EXCLUSIVE CATEGORIES 
(A 2 x 2 TABLE) 
CATEGORY CATEGORY TOTAL 
I II 
Sample from A 
Sample from B 
Total 
STATISTICAL TESTS 
'A 
'B 
r 
The statistical tests used compared two observed 
proportions (5). The case where the sample sizes are 
unequal and large was used. The statistical procedures 
answered the question, ' Does the characteristic 
proportion for product A exceed that for product B? 11 
The proportions referred to were the number of erratic 
movements and brakelight applications in the total 
volume of vehicles before and after installation of the 
raised pavement markers. 
To perform this test, the observed classification of 
the items was recorded in a two-row, two-column table 
as shov.n in Table DI. For the purposes of this study, 
n A and n8 were the total number of vehicles either in 
the period before or after installation of the raised 
markers. The number of erratic movements or brakelight 
applications was r A and 'B while sA and 'B were the 
number of vehicles which were not involved in an erratic 
'A 
'B 
s 
nA ; 'A + 8A 
nB ; 'B + 8B 
n 
movement or brakelight application. The procedure and 
calculations involved are as follows: 
I. Choose a, the significance level of the test 
(0.05 was used in this study). 
2. Look up X21_2a for one degree of freedom. 
3. Compute x2 ; n[lrA'B- 'B'AI · n/2] 2/ nAr 
and 
PB ; rB/nB 
4. If x2 ~ x21.2a and P A is larger than PB, 
decide that P A exceeds PB; otherwise, there 
is no reason to believe the proportions differ. 
23 
APPENDIX E 
"AFTER" PHOTOGRAPHS AT THE 
LANE-DROP LOCATIONS 
24 
Figure El. 
Figure E2. 
I 75 Northbound at I 64 Eastbound, 
East of Lexington; Dry, Nighttime 
Conditions. 
I 75 Northbound at I 64 Eastbound, 
East of Lexington; Wet, Nighttime 
Conditions. 
25 
Figure E3. 
Figure E4. 
I 75 Southbound at I 64 Eastbound, 
East of Lexington; Wet, Nighttime 
Conditions. 
I 75 Northbound at the 5th Street 
Exit in Covington; Dry, Nighttime 
Conditions. 
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